Phosphorylation of serine residues in histidine-tag sequences attached to recombinant protein kinases: a cause of heterogeneity in mass and complications in function.
High-level recombinant expression of protein kinases in eukaryotic cells or Escherichia coli commonly gives products that are phosphorylated by autocatalysis or by the action of endogenous kinases. Here, we report that phosphorylation occurred on serine residues adjacent to hexahistidine affinity tags (His-tags) derived from several commercial expression vectors and fused to overexpressed kinases. The result was observed with a variety of recombinant kinases expressed in either insect cells or E. coli. Multiple phosphorylations of His-tagged full-length Aurora A, a protein serine/threonine kinase, were detected by mass spectrometry when it was expressed in insect cells in the presence of okadaic acid, a protein phosphatase inhibitor. Peptide mapping by liquid chromatography-mass spectrometry detected phosphorylations on all three serine residues in an N-terminal tag, alpha-N-acetyl-MHHHHHHSSGLPRGS. The same sequence was also phosphorylated, but only at a low level, when a His-tagged protein tyrosine kinase, Pyk2 was expressed in insect cells and activated in vitro. When catalytic domains of Aurora A and several other protein serine/threonine kinases were expressed in E. coli, serines in the affinity tag sequence GSSHHHHHHSSGLVPRGS were also variably phosphorylated. His-Aurora A with hyperphosphorylation of the serine residues in the tag aggregated and resisted thrombin-catalyzed removal of the tag. Treatment with alkaline phosphatase partly restored sensitivity to thrombin. The same His-tag sequence was also detected bearing alpha-N-d-gluconoylation in addition to multiple phosphorylations. The results show that histidine-tag sequences can receive complicated posttranslational modification, and that the hyperphosphorylation and resulting heterogeneity of the recombinant fusion proteins can interfere with downstream applications.